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Title: 



SMART TEMPERATURE SENSING DEVICE 



FIELD OF THE INVENTION 

This invention generally relates to a temperature sensing device. More 
Parttc^ the invention reiates to a pre-progra^ed sman temperature sensor having 
-torn cahhration clients uni q uel y characterizing the sensor stored in a memorv 
local to the sensor. 

BACKGROUND OF THE INVENTION 

Many appli M ,,o„s retire sensing of a ,empera,ure ,o cffccma.e a task One 
.yp.cal way of sensing . Icmpcralure js „ ^ a ^ ^ ^ 

cn_, ,„ bc sensed . The , emperalure sensor cmvevs ^ eiKtrjca| 

convens e ,e CIrica , signa , imo , , empOTure Md subsequem|y ^ ^ m a u ^ 
problem „ ftB „ anses , however> h [ha , many conveni . onai pnor m _ emperature ^ 
so,u,,„„s do no , provide for „ igh|y accuratc tempcraturc readjngs bccausc ^ 

no, adeouady ca,ibra,cd for use with ,he elecrical conversion circuity 

One prior „ soiu.ion , 0 this problcm ^ , o ^ ^ ^ ^ ^ 

.empera.ure ra„ g e by p,ae,„ E ge„ era , ca„bra,i„„ nrforma.ion i„,o a memory associa,ed 
wah ,he e„„vers,„„ circuirry. This genera, calibrauon informahon suffered from ,he 
drawback ,ha, each sensor ,„ use is no, idenoca,, bo, ra , har „ as iIS own in , erna| 
Therefore, ,he genera, ca.ibra.ion dare used wi,hin ,„ e elac , rical ^ d;g ' 

no, provide for an aeeura.e .empcra.ure reading for any one panieoiar sensor 
Anomer so.u.ion ,„vo,ved ca,ibra,i„ 8 a gi ven se „ sor ma . ^ 
•emperamres and s,o„„ g calibradon infonnatlon whhj „ . ^ ^ 
eleclncal conversion eircui.ry. ,„ , his manoer, , he seKor waJ ^ ^ 

ca„bra„on informal asaocialed wi| „ ,, ,„ ^ 

so uuon, however, suffered from ,he drawback ,ha, ,he use™, „ fe of . sensor „ oftc „ 
-bsmnnahy .honor ,hao ,he usefo, „fe of tlla conversion Clrc „„ ry . Therclorc 
sensor needed ,„ he rep,aeed, ,he n„, quc calibra , ion inforraa , io „ ^ ^ 
co„vers,o„ circui.ry was no ,o„ger app,ic a h,e ,o a ropiacemen, sensor. Whenever a 
sensor needed ,0 he rep.aced (which was f,c qU enO. a use, needed ,„ rep.acc ho.h ,he 
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sensor and the substantially more expensive electrical conversion circuitry. This resulted 
in high cost and expense to the user. 

In addition to the above prior art limitations, prior art methods of calibrating a 
sensor consisted of using linear approximations to characterize a sensor over a 
temperature range. In this manner, typical linear conversion methodologies such as look- 
up tables were utilized, but the linear approximations provided poor accuracy since 
temperature sensors do not behave linearly over a broad range of temperatures. 
Therefore, even when a sensor was calibrated, its calibration consisted of inaccurate linear 
approximations. 

SUMMARY OF THE INVENTION 

In one aspect of the invention, a temperature sensing device includes a sensor and 
a memory coupled together on a holder, wherein the memory contains a plurality of 
custom calibration coefficients which uniquely characterize the sensor. The smart sensing 
device may also have a remote processor coupled to the sensor. The remote processor is 
operable to access the plurality of calibration coefficients from the memory and an 
electrical signal from the sensor. Tlr remote processor calculates the temperature value 
at the sensor by utilizing the calibration coefficients in conjunction with the electrical 
signal. The sensor and the memory are resident together on the holder used in taking the 
thermal measurement; therefore the sensor and memory are local to the sensed 
environment while the processor is remote from the holder, yet remains in electrical 
communication with the sensor and the memory. The memory may also contain other 
pieces of custom data which is uniquely associated with the sensor such as time constant 
data, maintenance data, intended use data, regulatory data or cold junction compensation 
coefficients to further aid in accurately determining the temperature at the sensor and 
improve sensor reliability. 

In another aspect of the invention, a method of calibrating a thermal sensor 
includes measuring an output signal of the sensor over a temperature range, thereby 
obtaining a plurality of paired data points. The method also includes the step of utilizing 
the paired data points in a mathematical curve fitting algorithm to obtain coefficients to a 
polynomial that characterizes the performance of the sensor over the temperature range. 
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The calibration coefficients are then stored within a memory which is associated with the 
sensor. 

In yet another aspect of the invention, a method of making thermal measurements 
includes a step of sending calibration data from a sensor to a processor, wherein the 
calibration data represents calibration information which uniquely characterizes the 
sensor. The method also includes the steps of measuring a temperature at the sensor, 
communicating an electrical signal from the sensor to the processor, and converting the 
electrical signal into a temperature reading via the processor by utilizing the calibration 
data in a conversion algorithm. 

In a further aspect of the invention, a method of providing custom calibration 
sensors for measuring temperature includes the step of measuring a voltage or resistance 
value of a thermal sensor over a range of temperatures, and calculating a plurality of 
custom calibration coefficients which uniquely characterize the sensor using the 
calibration coefficients. The method also includes the step of storing the custom 
calibration coefficients in the memory associated with the sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the annexed drawings: 

Figure 1 is a block diagram illustrating a smart temperature sensing device 
coupled to a field signal acquisition unit in accordance with the present invention; 

Figure 2 is a schematic diagram illustrating the smart temperature sensing device 
coupled to the field signal acquisition unit; 

Figure 3 is a detailed block diagram of the smart temperature sensing device and 
the field signal acquisition unit; 

Figure 4 is a schematic d.agram illustrating the smart temperature sensing device 
coupled to a computer; 

Figure 5 is a table illustrating a plurality of paired temperature data points and 
calibration coefficients; 

Figure 6 is a schematic diagram illustrating the computer coupled to the memory 
of the smart temperature sensing device; 

Figure 7 is a graph exemplifying the error associated with linear approximations 
of the voltage-temperature relationship of sensors; 
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Figure 8 is a schematic diagram illustrating in greater detail the smart temperature 
sensing device, illustrating the memory and an RTD-type temperature sensor; and 

Figure 9 is a schematic diagram illustrating in greater detail a smart temperature 
sensing device according to another embodiment including a thermocouple-type 
temperature sensor and the memory. 

DETAILED DESCRIPTION OF THE INVENTION 
The invention relates to a calibrated smart temperature sensing device 
having nonlinear calibration data which reflects a historical nonlinear behavior of a class 
of sensors over a temperature range. The nonlinear calibration data (or coeff.cicnts) are 
stored in a memory within a sensor unit which includes a sensor. When in use, the smart 
temperature sensing device is in electrical communication with a field signal acquisition 
unit (or conversion circuitry) which downloads the calibration coefficients from the 
memory of the smart temperature sensing device. The smart temperature sensing device 
transfers a signal to the field signal acquisition unit which is indicative of the temperature 
at the sensor which converts the signal into a temperature using the nonlinear calibration 
coefficients of the smart temperature sensing device. 

The smart temperature sensing device may alternatively contain custom 
calibration data which uniquely characterizes the sensor. Prior to use, the smart 
temperature sensing device is calibrated over a range of temperatures by measuring its 
output signal over a temperature range and calculating custom nonlinear calibration 
coefficients. The calculation of the custom nonlinear calibration coefficients may be 
accomplished using a least squares fitting algorithm. The calibration coefficients 
uniquely characterize the sensor and are stored in the memory within the sensor unit. The 
smart temperature sensing device provides high accuracy by using the custom calibration 
coefficients that uniquely characterize each sensor. Further, the custom calibration 
coefficients provide high accuracy because they are nonlinear coefficients that satisfy a 
polynomial which accurately characterizes the nonlinear behavior of the sensor over the 
temperature range. 

The smart temperature sensing device may also provide additional information to 
the field signal acquisition unit; such additional information includes: 
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a Ume constant for sensor speed of response, mamtenance data based on the sensor tyoc 
-tended use environment data for sensor drift, regulatory- information that may be 
spee.Se to a particular customer, and cold junct.on compensation coefficients for 
(hermocouple-type sensor. 

Figure 1 is a block diagram illustrating a smart temperature sensing device 10 
coupled to a field signal acquisition unit (FSAU) .2. The smart temperature sensing 
devtce ,0 senses a temperature of its envtronment and sends an ana.og electronic signal to 
the FSAU ,2. The FSAU ,2, in turn, converts the electrical signal from the smart sensing 
dev.ce 10 into a value indicative of the temperature of the environment. 

Figure 2 is a schematic diagram illustrating in greater detail the smart temperature 
sensmg device .0 coupled to the FSAU 12. The smart temperature sensing device 10 in 
one embodiment, comprises a sensor unit 1 4 including a handle portion 1 5 and a 
temperature sensor ,6 coupled together via a spacer portion 18. The spacer portion , 8 
serves to provide a suitable distance between the handle portion 1 5 and the temperature 
sensor ,6 under circumstances in which the thermal environment at the temperature 
sensor portion 1 6 is substantially hot or cold to protect any p,astic materials, electronics 
or pott,„g compounds associated with the sensor unit 1 4 from therma. dama C e and protect 
a user's hand on the handle portion 15 from suffering any discomfort. Alternatively the 
smart temperature sensmg device 1 0 could operate without the spacer portion 1 8 and 
thereby ^corporate the handle portion 15 and the temperature sensor ,6 together on or 
wnhm the same sensor unit ,4. In an alternative embodiment, the smart temperature 
sensmg device ,0 may further isolate the sensor unit ,4 from the temperature sensor .6 
by mcorporating each into separate housings or subunits, wherein both remain separate 
from the FSAU 12. 

The smart temperature sensing device 10 is coupled to the FSAU 1 2 through a 
wtre connector 20. The FSAU 12 includes a disp.ay 22, control knobs 24, «, conversion 
creuury (not shown ) which is interna, to the FSAU . 2 and converts the ana.og electrical 
s.gnal from the smart temperature sensmg dev.ce 10 into a value representative of the 
temperature at the temperature sensor 16. The FSAU 12 displays the temperature on the 
d.splay 22 and the control knobs 24 (which are optional) are used to alter the contrast of 
the d,splay 22, convert the temperature display from degrees Farenheigh, to degrees 
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Celsius or alternatively to degrees Kelvin, or provide other control functions. 
Alternatively, the FSAU 12 may include additional buttons or other control indicia to 
effectuate conversion functions. 

Figure 3 is a block diagram illustrating the internal circuity of both the smart 
temperature sensing device 10 and the FSAU 12. The smart temperature sensing device 
1 0 has a memory 25 and the temperature sensor 16 coupled to a noise suppression circuit 
26. The memory 25 and the noise suppression circuit 26 are connected to the FSAU 12 
through a P2 connector 27, which is a common parallel- type connector, which couples the 
smart temperature sensing device 10 and the FSAU 12 together. Alternatively, a different 
type of connector may also be utilized such as a bundled wire harness. The FSAU 12 
includes a processor 28 connected to a memory 30, an analog-to-digital converter 32, and 
the display 22. The memory 25 of the smart temperature sensing device 10 is coupled to 
the processor 28 via the P2 connector 27, and the noise suppression circuit 26 is coupled 
to the analog-to-digital converter 32 as well. Alternatively, the memory 25 may be 
located in either the handle portion 15, the spacer portion 18 or the connector 27 where, in 
ench case, the memory 26 is separate from the FSAU 12. 

The smart temperature sensing device 10 works in conjunction with the FSAU 1 2 
in the following manner. The memory 25 of the smart temperature sensing device 10 
contains, in one embodiment, historical calibration data that characterizes the nonlinear 
behavior of a class of sensors over temperature. For example, if the temperature sensor 
1 6 is a thermocouple-type sensor, the nonlinear historical calibration data represents the 
average nonlinear behavior of many thermocouple-type sensors tnat have been calibrated 
in the past. In this manner, the historical calibration data represents the average nonlinear 
behavior for thermocouple-type sensors. Similarly, different nonlinear historical 
calibration data will be used for other type temperature sensors 16 such as an RTD-type . 
temperature sensor. In another embodiment, the memory 25 of the smart temperature 
sensing device 10 contains custom calibration data which uniquely characterizes the 
nonlinear behavior of the temperature sensor 16. Calibration coefficients are determined 
and loaded into the memory 25; how this is accomplished will be discussed infra. Upon 
initially coupling the smart temperature sensing device 10 to the FSAU 12 (via the P2 
connector 27) the processor 28 immediately accesses the memory 25 to download the 
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12. The temperature sensor , 6 , „„„„ ^ p , aced ^ ^ 
envtronment, senses ft, temperature md oulpu , s „ MJ , og ^ ^ 
e temperature. The ma|og ^ ^ , ^ ^ ^ 

*= ncse suppress™ cireuit 26, which effective* fi„ ers te ma|og e|eclrica , 
preferably through a band-pass filter lament, and eIiminatts n01se ^ 
•he s,g„al. The noise suppression circuit 26 then passes «he filtered electrical signal ,o ,he 
ana.o.-.o- digit,, convener 32 via ,he P2 connector 27. The analog-to-digita, convene, 
2 convens ,he a„a,o g fihered electrical signal i„,o a digital signal (or binary word) for 
■he processor 28 which convens, usin g the custom ca,ihra,i„„ coefficient now residen, 
w,.h,n ,he memory 30, me digitai s i s „ a , inl0 . Kmm ^ ^ ^ 
represent .he temperature of the environmen, a, , he ,empera,„re sensor ,6 The 
processor 28 convens me electrical sign,,, which is a vohage (EMF) or resistance vaiue 
mm a temperature throu g h the following algorithm- 
Temperature - CO a C, -EMF ♦ C2-EMP + C3*EMF 3 ♦ . . . ♦ CS'EMF 8 , wherein CO 

08 rSPreSemS ,He CUS, ° m ^ffi-nta and EMF represents the voltage 

value (typically in millivolls) or rcsista „ ce va|u£ ^ ^ ^ ^ ^ 

displays that temperature value via the display 22. 

The memory 25 within the sman temperature senstng'device ,0 mav also c„„,at„ 
addmona, data to prov.de improved conversion accuracy and system reliahiNty For 
example, the memory 25 may store a time constant associated with the particular 
.enverature sensor ,6. The ttme constant represents the time i, takes for the temperature 
sensor 16 to respond to a change i„ temperature. The processor 28 may use the time 
constant data i n a, least two ways: first, if the temperature sensor 16 is sensing , he 
temperature a, a number of different temperature interactions, the processor 28 hnows 
how long to wa„ to conven the signal f rom tht lcmperaturc ^ , g a ^ ^ ^ 
measurement is accurate. Second, if the processor 28 is also controllmg , he „ea,i„ g or 
oooltng of an oven apparatus, i, may use the time co„ stM , data ,„ a temperature COMro] 
algonthm to more precisely control the temperature. 

Additional data within the memory 25 may consist of maintenance data regardmg 
matntenance scheduling fo „„e temperature sensor 16. Fnr example, i flhe lcmpcralure 
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sensor 16 should be tested or checked every "X" days, the memory 25 may download "X" 
to the processor 28 which will begin incrementing a clock. When the clock reaches "X", 
the processor 28 will communicate to the user via the display 22 that the temperature 
sensor 28 requires maintenance. The data within the memory 25 may include data for 
temperature sensor type ("X" days for RTDs, " Y" days for thermocouples, etc.) or sensor 
use (replace or repair every "Z" measurement). 

In addition to the above options, the memory 25 may also contain intended use 
environment data. Fo<- example, temperature sensors 16 experience a known drift when 
measuring temperatures in a particular environment over time. The processor 28 may use 
this intended use environment data to approximately offset measured temperatures in that 
particular environment over time, thereby accurately taking into account drift within the 
particular temperature sensor 1 6. Because drift is a function of the particular 
environment, the temperature sensor 16 may be uniquely customized for a particular 
intended use environment. 

Regulatory data specific to a particular customer may also be stored within the 
memory 25. For example, ISO-9000 specification requirements, internal quality control 
standards, or UL mandates may require that particular actions be taken at various times to 
monitor, replace or repair the temperature sensor 16. In a manner similar to the 
maintenance data, the processor 28 downloads this data and provides prompts to the user 
via the display 22 to ensure that the regulatory requirements are addressed. Such 
regulatory data may also include data on the date of the sensor's manufacture, its material 
lot, when and where it was tested, a serial number of other traceability information. 

Cold junction compensation coefficients for thermocouples may also be 
downloaded into the memory 25. As is well known for a thermocouple-type sensor, a 
separate sensor is placed at the cold end of the thermocouple junction and the sensor must 
convert its output into an equivalent thermocouple signal in millivolts to subsequently 
calculate the temperature at its "hot" end. Since each style thermocouple (type K,C,J or T, 
for example) has its own unique conversion parameters, a universal conversion algorithm 
results in inaccuracies. Since each temperature sensor 16 (when using a thermocouple- 
type sensor) will know the style thermocouple being used, the unique compensation 
coefficient may be placed within the memory 25 for subsequent use by the processor 28. 
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Therefore, a p,e.hora of da,a raoy be p, ace d wimin «he memory 25 which is uni q ue ,o 
each .emperanue sensor ,6, .hereby providing improved conversion accuracy and sensor 
reliability. 

Figure 4 il,us«ra,.s a ca.iura.iou sys , em 34 having ,he smart .empera.ure se„s,„g 
dev,ce , 0 coupied ,„ a compmer 36. The cafibra.ion SVSIem 34 „ preferab|y u „., i2ed 
•o saie of U,e smart ,e m pe ra ,ure sensing device .0 such ,har purchase of ,he smart 
temperas sensing device 10 will include ft. cus.om calibrafion da,a a.ready residen, 
wuh ,he memory 25. The calibrafion sysrem opera,cs by piacing ,he sensor „„i, l4 in a 
■hemrai environmen. having a known ,empera.ure. The sensor unit ,4 ou.pu.s an analog 
srgna, .o ,hc compu.er 36 simuhaneonsly wi,h a recording of the know. ,empcra,urc bv 
*e compu.er 36. The iherma, «™„ ,empera,„re is know. , 0 fine compmer 36 via 
a s.gnal from a siandard sensing device wi,h verified caiibrarion provide from a 
reference ,ab such as NBT. The ca.ibr.uon sysrem 34 men in _ , lle , empera , ure of 
•he .henna, environ™, , 0 . second ^ ^ ^ ^ ^ 

measuremcn. wi.h ,hc smart ,em P cra,ure sensing dev.ee ,0. The ca,ibra,ion sys.em 34 
repcars .he s,eps un.i, a ,u,„cie„, number of da<a poima have been colleced, whereby ,he 
compu.cr 36 ,hen has a number of signal values associa.ed with a number of knowm 
•emperarures (paired da,a poi„.s). The compu,er 36 uses an algomhm ,o calcula.e a 
Plura„,y of calibra,i„„ coefficien.s for a polynom.a, which represent a curve which 
matches the paired data points. 

Figure 5 is a .able which represent .he paired da.a poin,s ga.hered from ,h= 
cal.brauon sys.em 34 of F.gure 4. Figure 5 has a calibralion terapcralure ^ ^ 
wh.ch U» a p,ura„,y of calibra „ on Kmpera(ures; ^ fc ^ ^ ^ 

■he ,empera,ure of .he euv.ronmen,, ,ha, ,empera,u,e is recorded in ,he calibration 
•emperamrecolumn 38. A sensor „u,pu< column 40 ,is.s a„ ,he analog vohagc signal 
values or romance from me smart ,empe,a«ure sensing device 1 0 garnered during ,he 
recordafion of ,he calibm.ion sya.em 34. ,„ .his me .ahle has a plurali.y of paired 

a,a po.n,s. namely ,he calibrafion .emperamrc column 3 8 and .he sensor ou.pu, column 
40. wherem an ou.pu, vohage signal „ r resisIance va|ue „ ^ of ^ ^ ^ 
respecive calihra.ion .emperamre. The las. column ,„ F.gure 5 is a calibrafion coefficien, 
column 42; me compu.e, 36 of .he calibrafion sys,cm 34 ,akes .he values f or , he ^ 
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data points of calibration temperature column 38 and the sensor output column 40 and 
uses these paired data points to calculate the calibration coefficients. The computer 36 
utilizes the plurality of paired data points, in a preferred embodiment, in a least squares 
fitting algorithm to find a polynomial of minimal degree of the form: 

Temperature = CO + CI * EMF + C2* EMF 2 + C3*EMF 3 + ... + C8*EMF 8 , 
wherein CO,Cl, etc. are the calibration coefficients. The least squares fitting may also be 
artificially weighted so that the temperature at EMF = O V is about 0°C for thermocouple- 
type sensors. When higher order coefficients are equal to zero, it indicates that an 
acceptable curve fit was obtained with a polynomial of an order less than eight. The 
computer 36 downloads the calculated custom calibration coefficients into the memory 25 
of the smart temperature sensing device 10 which is illustrated in conjunction with Figure 
6. 

Figure 6 is a block diagram illustrating the computer 36 connected to the memory 
25 of the smart temperature sensing device 10. A memory address portion 43 is located 
within the memory 25 and represents predetermined, fixed addresses (A0-A8) at which 
the custom calibration ccefficients reside within the memory 25. The processor 28 of the 
FSAU 12, when desiring to access the custom calibration coefficients of the memory 25, 
therefore knows where to look to find the custom calibration coefficients and other 
information unique to the particular temperature sensor 1 6. 

The use of custom, nonlinear calibration coefficients substantially improves the 
conversion accuracy over prior art linear methodologies. The improvement in conversion 
accuracy is illustrated in Figure 7, which is a graph illustrating a thermocouple-type 
sensor as an example, having temperature (T) on the X-axis and the signal voltage (V) on 
the Y-axis. On the graph is a plurality of paired data points 44 (t„v,), (t 2 ,v 2 ), etc. collected 
in the manner described above in conjunction with Figures 4 and 5. In prior art linear 
approximations, a straight line approximation 45 is made using the paired data points. 
Then, when a voltage signal is received (V 0 ) the corresponding temperature (T L ) on the 
straight 1 ine 45 is determined. As can be seen by the plurality of data points on this graph, 
however, the temperature sensor 16 does not behave in a perfectly linear manner over its 
temperature range, but rather behaves nonlinearly. In this particular example utilizing the 
nonlinear coefficients, the voltage signal (V 0 ) corresponds to a temperature T 0 which is 
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lower than T L . The nonlinear coefficients for the polynomial that characterize the 
nonlinear voltage-temperature relationship 46 eliminate the error (AT) associated with 
prior art linear approximations. 

Figure 8 is a schematic diagram showing in detail the smart temperature sensing 
device 10 of Figure 3, namely a resistance temperature device (RTD) 47 coupled to an 
EEPROM 48. The RTD 47 and the EEPROM 48 represent a detailed representation of 
the temperature sensor 16 coupled to the memory 25 within the handle portion 14 (or 
alternatively a separate subunit) of the smart temperature sensing device 10 of Figures 2 
and 3. The EEPROM 48 operates in conjunction with the RTD 47 in the following 
manner. After the.computer 36 has gathered the paired data points and calculated the 
calibration coefficients associated with the particular probe, which in this case is the RTD 
47, and the user wishes to enable the calibration, the user places a jumper between the 
part enable pin and the power supply which is coupled to the voltage supply pin of the 
EEPROM 48. The chip select pin is driven high (by the computer 36) and the calibration 
coefficient data is incrementally read in (or clocked) through the DO and D 1 pins. When 
all the calibration coeffic.cnt data has been read into the EEPROM 48, the user 
disconnects the jumper between the part enable pin up and the power supply and 
subsequently places the jumper between the pan enable pin and the ground pin which 
d.sables the downloading of calibrate coefficients into the memory 25. 

Upon power-up, the processor 28 reads and downloads the calibration coefficient, 
rcs,dent within the EEPROM 48 into the memory 30 associated with the FSAU 12 The 
processor 28 pulls the chip select pin low which enables data to be read from the memory 
25. The calibration coefficient data is clocked out of the DO and Dl pins and stored in the 
memory 30 for use by the processor 28. In this manner, the EEPROM 48 communicates 
the custom calibration coefficients to the processor 28 for use in converting analog signais 
receded from the temperature sensor 1 6. The RTD 47 ; in this particular embodiment, 
senses the temperature by generating the analog signal and communicates that either 
directly to the analog-to-digital converter 32 or alternatively may send that to the analog- 
<o-d,g,ta! converter 32 via the noise suppression circuit 2.6, as illustrated in Figure 3. 

Figure 9 is a schematic diagram illustrating the EEPROM 48 operating in 
conjunction with a thermocouple sensor 52. The EEPROM 48 operates in a similar 
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5 fashion as described in conjunction with Figure 7 and operates to enable calibration by 

clocking in the calibration coefficients from the processor 28. Subsequently the 
calibration coefficients data resident within the EEPROM 48 can be readout to the 
memory 30 by the processor 28 for use in accurately calculating the temperature. 
Although several embodiments of the invention have been disclosed for 
10 illustrative purposes, those skilled in the art will appreciate that various modifications, 

additions and substitutions are possible, without departing from the scope and spirit of the 
invention as defined in the accompanying claims. 
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CLAIMS 

' A tCm P eratur e sensing d C vice'(10), comprising- 

2. The .em pe ra, U re S e„s,„ E device ( l0 ) of claim 1, wherein .he n„„r 
cahbnmo„da,a copses historieal da,a ,ha, reflec.s „„„,• , 7 " 
class of sensors. bd ™'°'°f a particular 

cahtaion da,a? o r Pera,U ' e Sen! '" B ^ °°> ° f '• - -.near 

^prrses c U s.o m dala whlch u „ ique|y ctacKnKs ^ 

onrpnses a p lural „ y of non|ineaj ca|ibraiion mtum 

wherein ,h pL 1^ IT ^ " " *> 

-enaperarare a, fc sensor f,T ^ '** " ° f 

cahhra„o„ da,a in, ! "* " -linear 

a ,e mp era,„ r e valoe which repress ,he ,e m pe ralure . ,„ e ^ 

Lor C f " lmd Si8na ' " ° f ^ — - .he 

" Ie sensor (16) and the processor o«\ u • , 
convener <3 2 > i s opcrable „ ,„ £ , ™ " ™ 

™ - * — a, 8 na, ,o he „,i„ 2ed by „, processor (28) ' S ' Cna ' ^ 
>™re a, Ie sel T SP '° > "" !! ^ "~ ^ «"* ~ - 



sensor 
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9. The sensing device (10) of claim I, wherein the sensor (16) comprises a 
resistance temperature device (47). 

10. The sensing device (10) of claim 1, wherein the sensor (16) comprises a 
thermocouple device (52). 

11. The sensing device (1 0) of claim 1 , wherein the memory (25) comprises an 
electrically erasable programmable read-only memory (48). 

12. A smart temperature sensor system (10), comprising: 

a sensor (16) on a sensor unit (14), operable to sense a temperature; 

a memory (25) on the sensor unit (14), wherein the memory (25) contains 
nonlinear calibration data which characterizes the sensor (16); and 

a processor (28) remote from the sensor unit (1 4) in electrical communication with 
the sensor (16) and the memory (25), wherein the processor (28) receives the nonlinear 
calibration data from the memory (25) and an electrical signal from the sensor (16), and 
wherein the processor (28) utilizes the nonlinear calibration data to convert the electrical 
signal into a value that represents the temperature at the sensor (16). 

13. The smart temperature sensor system (10) of claim 12, wherein the 
nonlinear calibration data comprises historical data that reflects nonlinear behavior of a 
particular class of sensors. 

1 4. The smart temperature sensor system ( 1 0) of cLaim 1 2, wherein the 
nonlinear calibration data comprises custom data which uniquely characterizes the sensor 
(16). 

15. The smart temperature sensor system ( 1 0) of claim 12, wherein the 
nonlinear calibration data comprises a plurality of nonlinear calibration coefficients (42). 

1 6. The smart temperature sensor system ( 1 0) of claim 1 2, wherein the 
processor (28) communicates with the sensor (1 6) and the memory (25) through a wired 
connection (20). 

1 7. The smart temperature sensor system ( 1 0) of claim 1 2, wherein the 
processor (28) communicates with the sensor (16) and the memory (25) through an RF 
connection. 

18. The smart temperature sensor system (10) of claim 12, wherein the 
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processor (28, commonica.es with ,„ c sensor (16) and .he memory (25) .hrough an ,R 
connection. 

1 9. The smart .emperamre sensor sys,err (10) of claim 12, farther comprising 
o no,se suppression eireai, (26, coapled be.ween .he sensor (16, an d , hc pracesso ,. (281 " 
wherem ,h= noise suppression circni, (26, elimina.es noise, .hereby providing . f„, ered 
s. S na, ,o me processor (28, which is indicative of .he ,= m pe r a, ure „ lhe sensor ( , 6) 
20. The sman.hem.al sensor sys.em(.O) of claim 1 2, farmer comprising an 
analog-.o-dighal convener (32) coupled berivecn , he sensor (16, M d , he processor (28) 
wherein .he a„a 1 o g -,„-digi,a, convener (32, is operable ,o convert ,hc elecrica. signa, ' 
from ,hc sensor (16) in.o a digha, signa, ,o be subsequendy received by ,he processor 
(28). 

21. 1 """m. n ,hermalaensingsys.em(10)ofclaiml2,n J nhercomprisin B a 
«.sp,ay (22) coupled ,o me processor (28, for displaying a .cmpera.urc va.uc which ' 
represents the temperature at the sensor (16). 

22. A method of calibrating a temperature sensor (16), comprising the steps of 
mucunng an output value of the temperature sensor (16) over a range of 

temperatures, thereby obtaining a plurality of paired data points (38,40); and 

utilizing the plurality of paired data points (38,40) in a mathematical curve fitting 

techntoue to obtain coefficients (42) to a polynom.al that characterizes the performance of 

the sensor ( 1 6) over the temperature range. 

23- The method of claim 22 further comprising the step of storing the 

coefficients (42) within a memory (25) associated with the sensor (16). 

24. The method of claim 22, wherein the step of measuring the output value 
comprises measuring a voltage signal (40). 

25. The method of claim 22, wherein the step of measuring the output value of 
the sensor (1 6) over a range of temperatures comprises: 

measuring a voltage at a first known temperature in the temperature range- 
mcrementing the temperature to a second known temperature in the temperature 

range; 

measuring the voltage at the second known temperature; and 
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5 repeating the steps of incrementing the temperature and measuring the voltage at 

that temperature until the temperature range is traversed, thereby creating the plurality of 
paired data points (38,40). 

26. The method of claim 22, wherein the step of measuring the output value 
comprises measuring a resistance. 
1 0 27 - The method of claim 22, wherein the step of utilizing the plurality of data 

points in a mathematical curve fitting technique comprises putting the data into a least 
squares fitting algorithm to calculate the polynomial coefficients (42). 

28. The method of claim 27, wherein the polynomial is of a form T = CO + 
CI *EMF + C2*EMF 2 + C3*EMF 3 + . . . + C8*EMF 8 , and wherein CO, CI , . . C8 are the 

15 coefficients. 

29. The method of claim 27, further comprising the step of artificially 
weighing the least squares fitting algorithm so that the temperature at a voltage value of 
zero is zero degrees Celsius. 

30. A method of making temperature measurements, comprising the steps of: 
20 sending at least one nonlinear calibration datum from a sensor (16) to a processor 

(28); 

measuring a temperature with the sensor (16), wherein the sensor (16) converts the 
temperature to an electrical signal; 

communicating the electrical signal from the sensor ( 1 6) to the processor (28); and 
25 converting the electrical signal into a temperature reading by utilizing the at least 

one nonlinear calibration datum in a conversion algorithm. 

31. A method of providing custom calibration sensors ( 1 6) for measuring 
temperature, comprising the steps of: 

measuring a voltage signal (40) of a thermal sensor (16) over a range of 
30 temperatures (38), thereby creating a plurality of paired data points (38,40); 

calculating a plurality of custom nonlinear calibration coefficients (42) that are 
uniquely associated with the sensor (16) using the plurality of paired data points (38,40); 
and 

storing the custom nonlinear calibration coefficients (42) in a memory (25) 
35 associated with the sensor (16). 
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32. 



A smart thermal sensing device (10). comprising: 



a sensor (16) on a sensor unit (.4), wherein the sensor (16) is operable to sense a 
temperature; and 

. ^ (25, o„ *. S e„so r unit (14), whe,e m , hc memory (25) c0 „, ams ^ 

*" U "' qUdy " S0Ci * d "» *° — - .he c Mom se„ sor dala 

comprises at least one of: 

one or more nonlinear calibration coefficients (42), a time constant 
—nee data, intended use environment data, reguiatory data, or cold junction 
compensation coefficients. 
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AMENDED CLAIMS 
[received by the International Bureau on 20 March 1998 (20 03 98V 
ongtna. damns , and 12 amM . ^ ^J™™*^ 

1 • A temperature sensing device ( 1 0), comprising: 
a sensor unit (14) including a sensor (16) operable to sense a temperature- and 
a memory (25) integral to the sensor unit (14), wherein the memory (25) contains 
nonhnear calibration data which characterize the sensor (.6) and wherein the nonlinear 
cahbration data is independent of conversion circuitry for utilizing the nonlinear 
calibration data in generating an output indicative of the temperature. 

2- The temperature sensing devtcc (10) of claim 1, wherein the nonlinear 
calibration data comprises historical data that reflects nonlinear behavior of a particular 
class of sensors. 

3. The temperature sensing device (10) of claim 1, wherein the nonlinear 
cahbration data comprises custom data which uniquely characterizes the sensor (16). 

4. The temperature sensing device (10) of claim 1 , wherein the nonlinear 
calibration data comprises a plurality of nonlinear calibration coefficients (42). 

5. The temperature sensing device (10) of claim 1, further comprising a 
connector (20) for coupling a processor (28) to the sens-r (16) and the memory (25) 
wheretn the processor (28) is operable to access the nonlinear calibration data from the 
memory (25) and receive an electrical signa. from the sensor (16) which is indicative of 
the temperature at the sensor (16), and to convert the electrical signa. using the nonlinear 
cahbration data into a temperature value which represents the temperature at the sensor 
(16). 



6. 



The sensing device (10) of claim 5, further comprising a noise suppression 
crcuit (26) coupled between the sensor (16) and the processor (26), wherein the noise 
suppression circuit (26) eliminates noise, thereby providing a filtered signa. to the 
processor (28), and wherein the filtered signal is indicative of the temperature at the 
sensor (16). 

7. The sensing device (10) of claim 5, further comprising an analog-to-digital 
converter (32) coupled between the sensor (1 6) and the processor (28), wherein the 
analog-to-digital converter (32) is operable to convert the electrical signal from the sensor 
(16) into a digital signal to be utilized by the processor (28). 
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8. The sensing device (10) of claim 5, further comprising a display (22) 
coupled to the processor (28) for displaying the temperature value which represents the 
temperature at the sensor (16). 

9. The sensing device ( 1 0) of claim 1 , wherein the sensor ( 1 6) comprises a 
resistance temperature device (47). 

10. The sensing device (10) of claim 1, wherein the sensor (16) comprises a 
thermocouple device (52). 

11. The sending device (1 0) of claim 1 , wherein the memory (25) comprises an 
electrically erasable programmable read-only memory (48). 

1 2. A smart temperature sensor system (10), comprising: 

a sensor (16) on a sensor unit (14), operable to sense a temperature; 

a memory (25) on the sensor unit (14), wherein the memory (25) contains 
nonlinear calibration data which characterizes the sensor (16) and wherein the nonlinear 
calibration data is independent of conversion circuitry for utilizing the nonlinear 
calibration data in generating an output indicative of the temperature; and 

a processor (28) remote from the sensor unit (14) in electrical communication with 
the sensor (16) and the memory (25), wherein the processor (28) receives the nonlinear 
calibration data from the memory (25) and an electrical signal from the sensor (16), and 
wherein the processor (28) utilizes the nonlinear calibration data to convert the electrical 
signal into a value that represents the temperature at the sensor (16). 

13. The smart temperature sensor system ( 1 0) of claim 1 2, wherein the 
nonlinear calibration data comprises historical data that reflects nonlinear behavior of a 
particular class of sensors. 

14. The smart temperature sensor system ( 1 0) of claim 1 2, wherein the 
nonlinear calibration data comprises custom data which uniquely characterizes the sensor 
(16). 

15. The smart temperature sensor system (10) of claim 12, wherein the 
nonlinear calibration data comprises a plurality of nonlinear calibration coefficients (42). 

16. The smart temperature sensor system (10) of claim 12, wherein the 
processor (28) communicates with the sensor (16) and the memory (25) through a wired 
connection (20). 
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17- The smart temperature sensor system (10) of claim 12, wherein the 
Pressor (28) communicates with the sensor ( , 6) and the memory (25) through an RF 
connection. 

18. The smart temperature sensor system (10) of claim 12, wherein the 
processor (28) commnnica.es w,,h the sensor ,16, and the memory (25) through an |R 
connection. 

19. The smart temperature sensor system (10) of claim 12, former comprising 
a notse suppression circuit (26) coupled between the.sensor (1 6, and the processor (28, 
wheretn the noise suppression circuit (26) eliminates noise, thereby providing a filtered 
stenal to the processor (28) which is indicative of the temperature a, the sensor (16) 

20. The smart thermal sensor system (10, of claim 1 2, further comprising an 
analog-to-digita, converter (32,coup,ed between ,he sensor (16) and the processor (28, 
wheretn the a„„„ g ,o-digi,al converter (32, is operable ,o convert the electrical signal " 
from the sensor (,6) into a digital signal to be subse q uen,.v received by the processor 
(28). 

21. The smart thermal sensing system (10) of claim 12, former comp-ising a 
dtsplay (22, coupled to the processor (28, fo, displaying a temperature value which 
represents the temperature at the sensor (16). 

22. A method of calibrating a temperature sensor (16), comprising the steps of 
mcasunng an output vaiue of the temperature sensor (16) over a range of 

temperatures, thereby obtaining a plurality of paired data points (38,40)- and 

utilizing the plurality of paired data points (38,40) in a mathematical curve fitting 
technioue to obtain coefficients (42) to a polynomial that characterizes the perforrna.ee of 
the sensor (16) over the temperature range. 

23. The method of claim 22 further comprising the step of storing the 
coefficients (42) within a memory (25) associated with the sensor (16). 

24. The method of claim 22, wherein the step of measuring the output value 
comprises measuring a voltage signal (40). 

25. The method of claim 22, wherein the step of measuring the output value of 
the sensor (16) over a range of temperatures comprises: 

measuring a voltage at a first known temperature in the temperature range; 
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incrementing the temperature to a seeond known temperature in the temperature 

range; 

measuring the voltage at the second known temperature; and 

repeating the steps of incrementing the temperature and measuring the voltage at 

that temperature until the temperature range is traversed, thereby creating the plurality of 

paired data points (38,40). 

26. The method of claim 22, wherein the step of measuring the output value 
comprises measuring a resistance. 

27. The method of claim 22, wherein the step of utilizing the plurality of data 
points in a mathematical curve fitting technique comprises putting the data into a least 
squares fitting algorithm to calculate the polynomial coefficients (42). 

28. The method of claim 27, wherein the polynomial is of a form T = CO + 
C1*EMF + C2*EMF> + C3*EM F 3 + . . . + C 8*EMF°, and wherein CO, CI, . . C8 are the 
coefficients. 

29. The method of claim 27, further comprising the step of artificially 
weighing the least -uares fitting algorithm so that the temperature at a voltage value of 
zero is zero degrees Celsius. 

30. A method of making temperature measurements, comprising the steps of: 
sending at least one nonlinear calibration datum from a sensor (16) to a processor 

(28); 

measuring a temperature with the sensor (16), wherein the sensor (16) converts the 
temperature to an electrical signal; 

communicating the electrical signal from the sensor (1 6) to the processor (28); and 

converting the electrical signal into a temperature reading by utilizing the at least 
one nonlinear calibration datum in a conversion algorithm. 

3 1 . A method of providing custom calibration sensors (16) for measuring 
temperature, comprising the steps of: 

measuring a voltage signal (40) of a thermal sensor (16) over a range of 
temperatures (38), thereby creating a plurality of paired data points (38,40); 
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calculating a plurality of custom nonlinear calibration coefficients (42) that are 
uniquely associated with the sensor ( 1 6) using the plurality of paired data points (38,40); 
and 

storing the custom nonlinear calibration coefficients (42) in a memory (25) 
associated with the sensor (16). 

32. A smart thermal sensing device ( 1 0), comprising: 

a sensor (16) on a sensor unit (14), wherein the sensor (16) is operable to sense a 
temperature; and 

a memory (25) on the sensor unit (14), wherein the memory (25) contains custom 
sensor data uniquely associated with the sensor ( 1 6), and wherein the custom sensor data 
comprises at least one of: 

one or more nonlinear calibration coefficients (42), a time constant, 
maintenance data, intended use environment data, regulatory data, or cold junction 
compensation coefficients. 
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